Abstract-Training is a fundamental human activity practiced by corporations, governments, and the Army. In today's military, training management is based on processes developed in WWII. Training is managed as a collection of similar activities, much the way it has been done for over 60 years. However, military training is more than a collection of activities, it is an enterprise system. This paper uses the emerging field of enterprise systems engineering (ESE) to develop a model that emphasizes the systems aspects of the training enterprise, while verifying the linkage from the strategic and operational goals of the Army to producing trained soldiers with the necessary skills. ESE includes the socio-economic-politico-technical context of complex systems while maintaining the rigor of systems engineering analysis. The result is a structured framework that highlights the importance of well-articulated training requirements and linking of those requirements to the implementation of training through the fundamental systems activities of systems analysis and training design.
I. INTRODUCTION
T HE aim of this paper is to use the relatively new field of enterprise systems engineering (ESE) to examine the processes used to develop and manage Army training. When we think about systems, the quote often attributed to Aristotle, "the whole is greater than the sum of the parts," comes to mind. In examining military training, it may be more accurate to say the whole may represent the parts, but it may also reflect something that at times is lesser, greater or in some cases more difficult to distinguish from those parts. In fact, the whole may actually only represent the interactions and interdependencies of the parts.
A training system, "which consists of the planned interaction of people, materials, and techniques with the goal of improved human performance, as measured by established criteria on the job" [1] . Military training systems consist of institutions, resources, events, and people, i.e., an enterprise system [2] . It is the interaction and interdependence of these factors that provide the synergy of the parts to produce effective, trained personnel, able to take their place in operational units. For the purposes of this paper, an enterprise system is defined as "people, processes, and technology interacting with each other, serving some combination of their own objectives, those of their individual organizations and those of the enterprise as a whole" [3] . This unique combination of the dynamics of people, processes, and technology and the interactions and interdependencies of these concepts contributes to making the training system whole much more than the sum of the parts.
The purpose of this research is to explore ways to apply an ESE model to the military training enterprise to identify a training system framework. To ensure clarity of definition, training is, "...the systematic structured development of specific skills required to perform job tasks" [4] . Training is differentiated from education, which is, "...the development of broad-based informational backgrounds and general skills" [4] .
Army training commands lack the day-to-day visibility over the courses in the curriculum to allow changes as they become necessary. While the intent of the military leadership is to manage training as a system, the reality is training focuses on individual courses and equipment. The result is each training action, location, and, in most cases, each course is treated as a separate activity casually part of a loosely defined system. For instance, there are times when higher headquarters levies training requirements on the institutions. In many cases, the leaders of the institutions are at a loss to decide what part of the curriculum to cut to make room for the new requirement. This emphasis on the activities of the training system has resulted in training management organizations that have little or no understanding of the original need for the training. This lack of understanding of the requirements and the inability to trace those requirements from completed product back to the original requirement is the systems engineering problem to be addressed. This paper proposes a systems engineering framework on which to build a process that will address the challenges in the Army training system today.
II. SURVEY OF THE LITERATURE
Broad reviews of the science of training conducted in 2001 and 2012 highlight a research focus on pedagogical and psychological issues in an attempt to improve training [5] , [6] . These reviews identified several issues that contribute to flawed training systems, including poor user requirement definition, inadequate communication between training analysts and training device developers, poor linkages between weapons system developers and training and simulation designers, and lack of a common holistic view of the system and its outcomes [1] , [5] , [6] .
U.S. Government work not protected by U.S. copyright. Training is a system composed of interrelationships among people, learning, methodology and instructional technology [7] . The system idea was first proposed by psychologist Robert Gagné and was reinforced by the experiences of Army training during World War II and in the Cold War [8] . The manifestation of training as a system resulted in the development of the Army's systems approach to training (SAT).
Development of the systems approach peaked with the publication of an Army regulation titled, "The Systems Engineering of Training," issued in 1968 [9] . The regulation provides clear instructions on how to use a systems approach to develop training and mainly details process. A key problem with this regulation was the assumption that the systems processes described in the regulation could be performed by anyone; it was simply a matter of application [1] . Branson corrected some of the problems with this approach by teaching the process to those implementing it [10] . While SAT is meant to address the life cycle of training from need to evaluation, it focuses on individual components of the mechanics of building training courses, rather than maintaining a systems level perspective. Finally, although considered to be "systems engineering," this approach is process focused without a true systems engineering perspective.
A. Training as Enterprise System
Training as a system is based on the perspective of the researcher. The majority of the literature is psychology focused and emphasizes the learner and the learning level. Banathy suggests that learning institutions as systems are organized and operate at three levels, the learning level, the instructional level, and the institutional/governance level [11] . In organizations designed around training delivery such as the Army, the learning level is where instruction is provided. The inputs are the instruction and the outputs are the demonstration of learning measured by testing. The instructional level consists of instructors and the training courses: these connect the learners to the instructional goals and objectives [7] , [11] . The input at this level is training resources and intellectual property developed to provide the instruction. The output is delivered instruction.
The top level of the enterprise is the institutional/governance level. This level includes the managers of the training enterprise, as well as the infrastructure that exists to support the training. In the Army system, the inputs at this level are the enterprise-level requirements and the resources provided to address those requirements. The outputs are system structure and resources provided to the instructional level to execute the training. Training organizations attempt to scale SAT across these three systems levels. SAT is valuable for the design and delivery of training. However, it is insufficient to address the institutional level. The U.S. Army has been using the "SAT" since the 1960s [9] . Since then, the Army evolved the systems approach into what is now referred to as instructional systems design (ISD) [13] . Fig. 1 is a multiscale graphical representation of the Army training system. The Banathy taxonomy is evident where training enterprise equates to the institutional/governance level. Training providers are the instructional level. The training course is the learning level. A fourth scale, which is labeled "Environment," adds to Banathy's model by acknowledging the policy and strategic context, in which Army training must take place. The multiple scales reflect the breadth of the enterprise, the hierarchical nature of the military, and the complexity of the environment. As this graphic illustrates, training is nested in a system where governance, regulation, budget, and policy are some of the complex interactions and the interdependencies of the enterprise. Each of the described levels provides inputs to the development and execution of the training course. To understand this enterprise, we must employ the entire spectrum of systems engineering methodologies to adequately describe the activities.
B. Instructional Design
Instructional design is the generic term applied to the theory and practice of training, and it is the basis of the U.S. Army training system [14] . ISD is a process of instruction to accomplish a specific learning goal and the processes used to develop the training [7] . The SAT evolved into what is now called the ADDIE (Analysis, Design, Development, Implementation, and Evaluation) model. Florida State University used the Army's SAT to develop the ADDIE model [15] , [16] . Most current instructional design models are variants of the ADDIE model.
Instructional design can be divided into three main categories: behaviorist, cognitivist, and prescriptive [17] . Examples of the behaviorist models include psychology-focused models by Pavlov and BF Skinner [17] [17] , [18] . Bloom's taxonomy, a well-known model of education is also considered an instructional design model [19] . There are over 40 identified ISD models [18] , [20] . Ongoing research in ISD is significant, but tends to focus on the learner, learner capability and the design of individual courses.
C. Applying Systems Engineering to Training Problems
Systems engineering is a problem solving technique that continues to serve as a tool for the study of other disciplines. A significant number of fields have adapted systems engineering principles as problem solving and analytical mechanisms, mainly because of its facilitation of dealing with large and complex problems [21] . This is evident in the recent U.S. government study on health care, and is manifested in diverse areas ranging from transportation to project management [22] - [24] . The logic and repeatable process aspects of systems engineering lends itself to addressing intra-disciplinary problems.
Systems engineering also provides a framework to help define training simulations based on M&S (modeling and simulation) models. Using systems engineering principles, researchers have been able to articulate, define, and catalog conceptual models critical for the continued development of training simulation [25] . Systems engineering has also been extensively applied in the training simulation world particularly as it pertains to system-of-systems simulation. Kewley and Tolk and Kewley and Wood have used a systems engineering approach extensively to develop federated systems models that will provide realistic contributions to the training system [26] , [27] . The logic, structure, and principles of systems engineering provide a basic framework on which to build both further empirical research, as well as management structures for mission execution.
D. Some Identified Problems in the Army Training Enterprise
Army senior leaders recognize that budget cuts threaten the training enterprise and could result in risk of producing less than capable soldiers. 1 Some have sounded alarm that unless changes are made in the training enterprise, the U.S. military could return to the "hollow" force, a term coined in the 1970s [28] .The current challenges of the training enterprise include: 1) Managing the System: The training enterprise has difficulty managing the size, curriculum content, requirements, and the resources necessary to conduct the training. 2) Managing Resources: The enterprise is a "one size fits all" activity. The pace of education and training is driven by the available time and an average "time to learn." 3) Enterprise Scale: The enterprise has difficulty scaling and reacting to both increases and reductions in demand.
E. Army Training Enterprise Today
Recently, the Army renamed the SAT as the "Army Learning Policy and Systems." However, the emphasis on the ADDIE remains. The need for clear training requirements is well documented. However, notwithstanding the recognized necessity, an analysis of training "needs" is often skipped [6] .
The ADDIE system focuses on developing training. However, it is an inadequate methodology for managing the system of training. The remainder of this paper proposes a systems engineering methodology to manage the training system and augment ADDIE.
III. ESE MODEL FOR TRAINING
The systems engineering model proposed as the basis for this study builds on the model developed by Saenz [29] . The Saenz model acknowledges the necessity of examining an enterprise system holistically; from the enterprise level to that level, where the work is performed or training is delivered (top down and bottom up), while acknowledging the linking of these levels. A central theme of the Saenz model is the idea that an enterprise connects from the highest levels to the level where the training is delivered. While it borrows heavily from research on enterprise information systems, the model is generic enough to be adapted to the broader domain of ESE. Applying this model to the training enterprise results in the Integration DEFinition (IDEF) diagram at Fig. 2 that is a proposed model for the training enterprise. IDEF is a functional modeling language built on structured analysis and design technique.
The soldier and training system model is aligned to the needs of the Army. The life cycle viewpoint provides a top-down engineering view and offers a means to address all aspects of the enterprise. At the top level, engineering activities describe the key aspects of the enterprise; specification, analysis, design, and implementation. The system is traced through a strategy, competency, capacity, and structure perspective. The engineering activities flow to the element level of the enterprise where the enterprise products are produced. The element level consists of work, resources, information, and the decisions to implement.
The model categorizes the methodical steps necessary to fully explain the enterprise through four enterprise engineering activities: Specification, Analysis, Design, and Implementation, which represent phases of the enterprise system life cycle [29] . These four engineering activities align to and are compatible with the original Army SAT, although this enterprise model provides more detail and depth to address the problems identified than the original SAT. The following sections trace each of the four activities through to the enterprise elements, and identify the detailed processes at the next levels.
A. Specification (A1)
A major challenge for the Army training enterprise is that specifications, i.e., the detailed descriptions of work to be done or materials to be used, are not documented, are incomplete, or not understood. Army leaders attempting to update training curricula are often frustrated by the lack of information on the origin and nature of the original requirements. In most cases, training is conducted as it has been for decades, but the ability to revisit requirements to develop and adjust training in light of changes wrought by technology and the nature of war is limited. Furthermore, without specifications, leaders have no empirical basis to measure the quantity of training necessary to achieve a specific level of competency. A case in point is that of artillery gunnery, the study and understanding of ballistics that results in artillery accuracy. Technological advances, both in weapons systems and calculation speed, accuracy and capacity have reduced the need for manual computations, but the training provided today is relatively unchanged from that provided 30 years ago. This is not to suggest that change for change sake is necessary. Rather, an appreciation of the basis for the requirement would provide a starting point for the review of needs and methods for providing training.
The discipline inherent in an engineering process ensures not only accurate identification and recording of the specifications, but also provides a feedback loop to the original requirements, a requirements trace to provide for systematic feedback and timely change. This ability to trace original specifications is essential in weapons systems engineering because it ensures efficiency (unambiguous detail of the specification) and effectiveness (producing the desired result). Furthermore, systems engineering enables elicitation to ensure a dialog between the source of the requirements and the system design. Valid training specifications must be a result of a continuous dialog between the requirements generators (acquisition, experience, and doctrine) and the producers, the training enterprise.
Training specifications have different origins: the institution, operational forces, or the weapons acquisition system. A central input to the training specification activity is the weapons system development and procurement activities of the Army. The weapons acquisition process must align to training by identifying those skills needed to operate and maintain the systems. The Army has long recognized the value of systems engineering in the development of its weapons. Systems engineering value for training emphasizes the approach to developing requirements. That approach provides for system-level specifications and documentation of interfaces, boundaries and system interdependencies.
Other inputs to the training specification activity include macrolevel business, and environmental factors that shape both the training, as well as the training environment. For example, the all-volunteer military depends on recruiting strategies that require an appreciation of the macro and micro economic environments. Thus the state of the economy also impacts the development of requirements. When the economy is strong, there is less incentive to join the military. Maintaining accessions levels could force a potential lowering of standards (i.e., high school diploma unnecessary) that will ultimately impact training.
1) Specification Strategy: Army missions form the basis for the specification activity and are captured as outcome spaces or requirements, and then translated into actions necessary for the Army to successfully respond to mission requirements. The specification activity is defined by its context. For the Army, that context is captured in the TRADOC mission, which is:
"Training and Doctrine Command develops, educates and trains Soldiers, civilians, and leaders; supports unit training; and designs, builds and integrates a versatile mix of capabilities, formations, and equipment to strengthen the U.S. Army as America's Force of Decisive Action."
This broad mission is the top-driven guidance provided to the training organizations across the Army. At the Training Center/Branch School level (one level down from TRADOC) (U.S. Army Ft. Sill, OK, Artillery and Air Defense Artillery) this top driven guidance is tailored to the specific mission:
The Fires Center of Excellence trains, educates, and develops Soldiers and leaders; creates and develops capabilities; engages, collaborates, and partners with stakeholders; sustains and provides a fires force to support the joint warfighting commander across the spectrum of operations in the joint, interagency, intergovernmental, and multinational environments.
Although a hierarchical organization, at the enterprise level, the acknowledged stakeholders are the senior leaders of the institutional Army. Those stakeholders are influenced by a broader group of stakeholders at the Department of Defense (DoD) and combatant command level. One of the greatest challenges with stakeholders regardless of their position in the hierarchy is the often changing and sometimes-competing interest resulting from the way senior officers are rotated from job-to-job. Using the truism, "you are where you sit," or perhaps better stated "where you sit is where you stand," policy emphasis is different at different levels of the enterprise and can change frequently [30] .
2) Specification Scope: Scope is a measure of the capacity or magnitude of the enterprise activities necessary for success [29] . In the training specification activity, scope quantifies the work, resources and information needed to delineate the training specifications. In resource constrained environments the details of scope provide the necessary information at the enterprise level to make appropriate decisions on what can and cannot be included. Including scope adds realism to the specification process.
A defined specification scope is critically important in the resource-constrained environment the Army is in today. A thorough appreciation of the concept of scope at the training enterprise level helps address one of the main challenges of the training enterprise, how to react to a fluctuating demand signal. Over the past 70 years, the Army expanded to address threats, and once the threat has passed the Army is reduced in size. As the wars of the post-9/11 era come to an end, the enterprise will downsize accordingly. The challenge for the training enterprise leadership is to find the correct balance between scope that can provide for growth versus downsizing to reduce cost.
3) Specification Development Model: A specification development model defines the organizational processes and structures necessary to identify the necessary training requirements. The approach aligns information with the functional specifications of the training enterprise allowing aggregation of tasks to be executed at the training command level and below. In practical terms, the training specification model serves three purposes: a) communicate the training requirements to the training community; b) guide the design of the training; and c) provides the basis for measuring conformance to the specification.
The specification model identifies training from the needs of a new weapon system, a change in doctrine or mission, and/or a change in enemy tactics or system feedback. The specification activity defines the balance between control, autonomy, and cooperation in the enterprise. A U.S. military principle of mission-based orders encourages autonomous behavior to an extent. However, because of the military hierarchy, the scope and limits of that behavior must be well defined.
Although the Army has successfully met demand for training soldiers in the past, the lack of a defined specification process is a challenge for the resource constrained environment of today [31] . Furthermore, the necessity to trim budgets emphasizes the need for a mechanism to capture and articulate necessary training. A key consideration of the specification model from an enterprise systems perspective is a consideration of consolidation and rationalization of training activities. A challenge for consolidation would be ensuring the training specifications are well defined, distinct, and separated to ensure all requirements are met.
In traditional weapons systems engineering, requirements are codified and updated as necessary. This process ensures that the system is current and that it complies with the requirements as defined and approved. The necessity for a formally defined training specification process is based on that same principle. Applying an ESE process provides a means to not only track, but also ensure traceability of training requirements to actual training. The outputs of this specification activity become the functional requirements of the training enterprise, the translation of needs into actionable training. These outputs also feed the other engineering activities of the model.
B. Analysis (A2)
The analysis activity provides the means to trace, understand and assess the specifications and align specifications with the abilities of the personnel to be trained. Analysis translates training specifications into the specified trained behavior. It also considers the training context to include the training capacity of the individuals.
The analysis activity uses gap analysis to identify the "as-is" capability, with the result of defining a to-be capability. Analysis is also the first step of the ADDIE model. As part of the broader DoD requirements process, the military uses a capabilities-based assessment (CBA) or analysis in order to identify gaps in capability expressed in terms of training or material. The CBA provides a framework for identifying the capability gaps.
1) As-Is, to be Gap Analysis :
CBA is based on the DoD process used to identify material requirements. It builds on ideas associated with the development of the capabilities assessment process pioneered by the U.S. DoD in the early 2000 timeframe, and now used in many Western militaries. CBA is at the heart of the Joint Capabilities Integration Development System (JCIDS), the DoD requirements system. The DoD process focuses on identifying mission requirements, and analyzing the activities to identify where capability gaps exist. This approach would be a major change to how training requirements are analyzed. The focus on requirements has been to analyze them in the context of the training process, rather than examining training requirements from a gap analysis perspective. A type of CBA process proposed for the training system is shown in Table 1 [32] .
This CBA process forms the heart of three of the approaches to capabilities engineering developed by Webb (2008) , Adigun (2003) and Pagotto (2004) . Capabilities engineering provides a set of methodological tools to address the training enterprise in a modular fashion. It consists of interrelated analytical processes that help reduce the complexity of the problem [33] , [34] . Using frameworks developed by Pagotto and others, this analysis adapts these generic approaches to fit the training course level of the enterprise. The literature emphasizes the necessity to adapt the CBA approach to the problem [33] , [35] .
The analytical focus is on the desired training effect and how the specification is satisfied, rather than programs, platforms or functions [34] . The activity is focused on capturing the endto-end activities of the training enterprise and incorporating those military specific process and procedures that provide alignment to the specifications. The "As-is" capability reflects the current state and outputs of an operational unit reflecting both individual and collective training. The "to-be" capability is that articulated by the functional specifications as required by the national military strategy documents, both personnel and material and required by the Service hierarchies expressed in terms of vision, intent and mission command.
2) As-Is Capability: The as-is capability assessment begins at the end state (operational unit) measuring demonstrated mastery of individual skills provided by the training enterprise as demonstrated in collective skills environment. The assessment measures existing capability against the defined system-level specifications. One tool used to determine the as-is capability is a Training Utility Assessment (TUA), a quantitative and qualitative methodology based on the military utility assessment used for determining the military utility of technology demonstrations. This is a separate assessment based on the utility that is expressed as value added. The military has measures to assess training, however those measures are focused on testing whether personnel have been successfully trained, rather than measuring the outputs of the enterprise. TUAs based on both qualitative and quantitative data are being tested by the Army to determine whether their use would provide useful feedback to the enterprise. This as-is assessment is an ongoing, and cyclical process determining whether the skills and level of expertise provided by the institutions that comprise the enterprise are successfully provided those individual skills necessary to perform their role in the operational unit. The dynamic nature of utility assessment provides a measure of the operational readiness of the unit (collective skills), as well as the measure of individual skills that are reflected in unit readiness.
3) To-Be Capability: The to-be capability matches the training specification to measures of readiness and capability levied on the Service and the military units of that Service. This step provides the linkage to the new behavior or the performance standards identified in the training specification. Currently, the to-be capability lags what is being taught in the training enterprise today. The difference is the actual experience of combat on soldiers as they react and adapt to combat situations. The ability to modify training to reflect combat reality is challenging. The current system is slow to change, even in the face of actual information. In some cases, the cadre of the training command goes beyond the curriculum to ensure more up to date information is provided. The challenge is both the feedback capability, as well as the ability of the enterprise to support change.
The challenge of transitioning the to-be capability to implementation in most cases is a function of change management.
Since traditional systems engineering includes change management, this is an example of where an ESE approach can be addressed using system engineering processes.
4) Training Capability Gaps:
Capability gaps are measured as the variance between the as-is and to-be capability of the operational units. Gaps identify those necessary capabilities that do not exist, or are not being performed to the necessary standard. Capabilities, both human and material must be actively managed. Failure to adequately address the gaps leads to a deterioration of the capability. In the case of training, gaps reflect the difference in what soldiers can and cannot do as part of the Army force construct. The capability gaps for training compare mission and intent with the skills soldiers demonstrate once deployed. The capability gap identification is also a feedback loop into the specification process.
5) Interdependencies:
The training enterprise consists of people, processes and technology interacting to achieve individual and collective goals. Therefore, a thorough understanding of those interdependencies is an essential part of the analysis activity. Interdependency is associated with the complexity of the enterprise. Changes in one part can cause effects on other parts of the system. Complexity may also cause unanticipated effects that lead to failures of the system.
Size and resources are closely associated with the available time for training. Currently identified training enterprise gaps include difficulty in justifying the size, curriculum, and the resources necessary to conduct the training; and that training is a "One size fits all" activity. The pace of education and training is driven by the available time, and an average "time to learn."
A useful analytical analogy is that of cost, schedule and performance. All three variables are at work in the training enterprise, and have effects similar to those in weapons system development. When one of the three variables is changed, there is a corresponding change in the other variables. For example, time to train (schedule) is driven by many factors, including fiscal constraints (cost) and performance (meeting specifications). The curriculum fills the available time, with training sometimes being conducted on a 7-day week basis. The challenge for commanders and leaders is when higher headquarters levies new, mandatory training requirements. The problem is that leaders' have no visibility of what courses can be shortened or skipped, nor do they have a way to measure the impact of skipping training activities. This is an enterprise problem that can only be resolved with first a clear appreciation of the training specifications, as well as the analysis to identify the relationships between all elements of training.
The analysis activity links specifications to the design of training. A key difference between this analysis activity and that in the ADDIE model is this linkage. Training analysis executed without a thorough definition of specifications ignores the systems level view of training by concentrating on individual activities. The analysis activity here described starts with system-level and end-to-end specifications, and decomposes them to the task level. Once defined at the task level, the activity then reaggregates the tasks to the system level to provide the ability to ensure all specifications were addressed, and just as importantly, that no activities were introduced that do not have a basis in the original specification.
C. Design (A3)
Design provides the how and combines what the training enterprise needs to do (specification), with an identification of what the enterprise must do to produce value (analysis). Design also encompasses development. Using these concepts as a basis, design then identifies the enterprise elements and links the specifications to those elements in a networked type approach. Design provides courses of action or alternatives for the enterprise stakeholders to choose how best to accomplish the specifications. Design equates to detailed design and development in the weapons systems engineering realm.
1) Training Design: Design aligns the work and resources necessary to accomplish the training specification. There are significant similarities between this step and the functional analysis and allocation step of traditional systems engineering. Enterprise architecture (EA) is a key element of the design activity and provides the solution framework. This framework is key to synchronizing the broad group of people and systems working within the training enterprise to a common goal [36] . EA goes beyond graphical depictions and architecture frameworks to describe the key training activities by defining mission and the process to be used to achieve that mission. The value of using architecture in the training enterprise is as a cross-enterprise tool to provide self-synchronization [37] . Like technology planning, however, EA is incremental in nature, and while serving to synchronize the activities of the enterprise, is directive rather than analytical.
As in weapons systems engineering, training design is influenced through an ongoing process of technical planning. In the Army, technical planning is exercised through training management activities. Training management includes strategic guidance, training development, concepts and strategies doctrine, and technical and training management tools [38] . It is important to note that the idea of a business plan to measure and focus activity is already embedded in the Army's acquisition world. In industry, for example, planning may use the Porter Five Forces model (suppliers, customers, competition, new entrants, and substitutes) [39] . From a design perspective, the Porter model addresses suppliers (training organizations), customers (soldiers), and substitutes (alternate types of training).
The enterprise is a "goal-directed organization of resources," including people, process, scope, finances, and technology [40] . Moreover, enterprise systems associated with the military add an element of culture, whether it is pride in the Service, or the warrior ethos. Thus, policy, or in the case of the military, doctrine form the basis of any military enterprise and must be acknowledged in the design process.
Practice is defined as repetition and rehearsal of all military activities is a way of military life. The military practices battle drills, and rehearses combat operations. The intent of training is to turn acquired skills into habit; to make training a matter of muscle memory rather than conscious thought. Moreover, while practice is a key element of military training, it is not exclusive to the military. Many quality programs use practice as a way to ensure consistency and repeatable processes essential for success in any engineering system. As a military organization, the training enterprise borrows the hierarchical structure from the military, and to an extent the interactions between the entities. However, this step helps define in detail the informal network of relationships that occur in every organization, those responsible for getting the work done. In training, notwithstanding the military hierarchy, there are direct links between different training commands and various headquarters, as well as informal links between operational commands that provide complementary capability.
2) Design Means: Design means describe and formulate the functional outputs of the training enterprise, including the training product, as well as administrative, managerial and other tasks. The practice of design also considers the cognitive, social, and critical psychomotor attributes and outcomes [41] . This description includes defining the workflows, as well as the core competencies of the enterprise.
Training design produces different levels of workflows. At the element level where the training is accomplished, the work is a function of the inputs of the enterprise, including specification. Work (or in the case of this enterprise, training) is a result of resources identified and provided, and information in the form of the actual material be trained. These elements are influenced by decisions that apply the appropriate resources with the information to complete the training. At the system level, the workflows function as gateways for transmitting and responding to request and demands for data at the enterprise level.
As discussed, the Army currently uses ADDIE methodology for defining and developing necessary training. However, ADDIE is a workflow that is used at the subsystem level that does not scale to the system (enterprise) level. Enterprise competencies define the training resource flows in the context of capabilities. A critical element of training is the necessity for specific, high-use training facilities, i.e., weapons ranges. Training enterprise capabilities provide a mechanism to define, schedule and expand if necessary. Capabilities also include the rules of how the capabilities are to be used. This enterprise approach to training continues the use of ADDIE, but recognizes that its value is at the work or subsystem level, and must be nested in an overall enterprise system approach.
Technology planning provides the military training enterprise a method to incorporate the most current training and instructional technologies. From the design perspective, technological situational awareness, both from a competitor perspective, as well as user must be considered in both design, as well as implementation aspects of the enterprise. This is also one of the major challenges facing the Army. What and how to use technology in training are major lines of effort in design. This effort is not sequential and must be continuously evaluated. In fact, the American military has consistently pursued a technology-focused strategy substituting human and system development for mass production and large standing forces [42] . Senior DoD leaders view educational technology as both central elements for maintaining and improving the superiority of the force, as well as serving as a substitute for large fixed investment (reducing resource requirements).
Historically, the DoD has been at the forefront of identifying and using technology in training. Reasons for the DoD and Service interest in technology include efficiency, effectiveness and speed. From the earliest use of the chalkboard in the United States (at West Point, 1817) to the use of film to train WWII era soldiers, DoD has been an early adopter of technology to improve training [43] . Technology applied to training offers the potential to shift from a focus on the preparation of instruction to being able to influence actual learning [11] . As a systems engineering process, technology planning is passive in nature. It is a collection and observation tool that informs the training analysis and design activities. The result of technology planning is as part of a to-be capability, and included in both gap analysis, and cost, schedule, and performance calculations. It assists training it does not replace it.
3) Training Enterprise Capacity: Capacity is an element of design that measures the amount of training to be performed by the system. It identifies where the training capacity resides, and how it is managed. In any enterprise, attaining required capabilities can be met through various means, including providing capability organically, or subcontracting training activities to a commercial provider. Therefore, the design activity also uses trade studies to provide a robust analytical decision aid. Enterprise capacity also includes the means of providing training though live training or live training augmented with virtual and constructive efforts. Capacity is measured in terms of processes, activities and tasks, and is applied across resources and information.
Capacity is a measure of system potential. As in weapons systems engineering, capacity must be recognized, measured, and managed. Design provides the framework to identify the elasticity necessary to address downsizing and surging.
4) Training Enterprise Organization:
Design also defines organization in the training hierarchy. In systems engineering terms, design decomposes the system to identify and track the deliverables, tasks, and subtasks and matches those deliverables with the appropriate resources. Design also has decisions as its output. Those decisions are resource driven. There are four types of design decisions, strategic, time-driven, transactional, and unexpected [29] . Strategic decisions are those made at the Army level or higher. These decisions are generally policy, mission, or resource focused. TRADOC is in both the strategic decision chain, as well as the operational chain for the training enterprise. At the strategic level, TRADOC acts as the Service delegate, at the operational level TRADOC makes decisions as the resource provider. Enterprise capacity and the elasticity necessary to address downsizing and surging is a critical, but often-unaddressed design factor.
D. Implementation (A4)
The combined inputs of specification, analysis and design result in implementation or providing the product, i.e., training. Implementation builds on design to provide both the plan, as well as the execution that should result in a coordinated application of work to accomplish that described as a specification.
1) Execution and feedback:
Execution and feedback represent the accomplishment of the training effort, the specific actions of how, where, and when, and an assessment of the implementation/execution. It captures the policies and decisions made to this point that define the execution. Implementation introduces the physical flows of the training, work and information, and provides the mechanism to ensure the training fits with the established policies and procedures, and within resource constraints. In the case of the training enterprise where the work and information flows are ongoing, implementation provides a means to examine the "stream," and identify potential problems.
The flow of training described as the combination of resources and information, is directed by specific decisions and results in work or training provided. The current training enterprise has a well-established implementation and feedback process. However, there has been difficulty in reconciling the rate of change of the combat lessons learned, to the change in implementation. There is ongoing research into this problem, as the enterprise stakeholders recognize the importance of quick response to lessons learned.
2) Defined Physical and Information Flows: Physical and information flows identify and track the training resources necessary to perform the actual training and reflect the accomplishment of training. This includes the training resources, equipment, weapons, and range time essential for success. The flows drive decision-making both for execution and to inform future decisions on resource allocation.
These flows also define the core competency of the enterprise as demonstrated at the element level. In the training enterprise, flows are described at the training course level across the training centers of TRADOC. The result of this process implementation is integration of the training, and alignment of the work processes of the enterprise. Those processes (training) are then reconciled with the support elements of the enterprise (HR, IT, Curriculum development, Quality), etc. Mission process represents the day-to-day coordination of the enterprise activities. Mission process also represents the instantiation of the training enterprise.
3) Implementation Structure: The concept of enterprise structure builds on organization as provided in the design phase, and represents the execution of the training effort. It uses the defined business model, organization, and feasibility of the structure to provide theoretically, end-to-end connectivity of the enterprise elements from the training execution level to the Army. Notwithstanding the complexity of the enterprise, the military hierarchy generally facilitates this view. The challenge is not the direct connectivity, instead it is the extrahierarchical elements of the enterprise that provide the complexity, including ad hoc organizations at lower levels, and cross-connectivity outside the recognized channels.
IV. CONCLUSION
The purpose of the research was to identify and develop an ESE process to model the Army Training Enterprise. The model described in this paper provides a framework for better understanding the training system from the perspective of requirements analysis, training execution, and curriculum design. By using this model, Army trainers will have a more comprehensive view of their system and will be better able to account for the influences, interactions, interdependencies and other dynamics of training as they strive for efficiency in constrained resource environments. In short, the model can provide a mechanism for managing the training system.
This study provides a system-level view of the training enterprise, and emphasizes the importance of an end-to-end perspective of the enterprise. Systems engineering uses a common lifecycle, as a mechanism for understanding, analyzing and producing capability based on well-defined specifications. Every product development project follows accepted rules starting with feasibility, moving to conceptual and detailed design, testing, production, and deployment. Thus, it should be with the training enterprise.
The systems engineering approach has proven successful as a problem solving mechanism designed to address the complexity of weapons system development. The development and analysis of training specifications through implementation follow a life cycle, and more importantly, a framework to address the complexity of training. Using this systems approach will address problems of scaling, resourcing and specifications providing a means to manage the enterprise life cycle from inception to implementation. This process along with a feedback loop provides an essential element that is missing in today's training system.
The importance of understanding and adequately articulating requirements is critical to the successful management of the training system. Military training is easy to dismiss as rote memory and mechanical response. However, doing so ignores not only the complexity of modern weapons and their operation, but also the science of training the human being. Today's military successfully does things the way they have been done for decades. However, there are always better ways to accomplish tasks and training requirements, understanding, analysis and traceability are key to ensuring the military moves beyond habit.
Finally, modeling an enterprise as complex as training provides an appreciation of the myriad factors that influence the enterprise. Adapting a systems engineering approach to the training enterprise offers a way to better manage and recognize the training enterprise and the variables that are at work.
Training is an essential element of the national security capability of the United States. Even though budgets are being reduced, the military cannot significantly curtail their training operations. However, because the training enterprise is expected to do so many things, transitioning civilians to soldiers, operating artillery, flying aircraft and piloting ships, it cannot and does not do all these things at the highest efficiency all the time. Added to this scope is the complexity of the task and the challenges both positive and negative stemming from the adaptability of systems and people of the enterprise.
Training has moved beyond the systems approach of the 1970s, and even beyond the current solutions. Failure to acknowledge the enterprise aspect of training restricts the ability of the Army to adapt to new eras, and keep the system performing.
